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Arnold's Invention Marks Another Step
Toward the Development of Supersteel

Use of Molybdenum,
Key Metal in Eng-
lish Scientist's Foiv
mula, .However, Al-

ready Was Known
in This Country
Full Importance of
His Discovery ; Yet
to Be Determined

By ROBERT G. SKERRETT.

SUPERSTEEL! mat is it; and why

i3? Has Prof. John
Oliver Arnold of Sheffield . University,
England, really given tlio world some-

thing radically new in tho realm, of
metallurgy, or haSlio merely given pro-

fessional indorsement to n mill practice

HIGH- - SPEED TOOL STEEL
MACHINE

that is by no means novel on this side of
the Atlantic?

It was not more than a few decade3

hack when the broad term steel differen-

tiated that metal from iron by reason of
tho former containing just sufficient car- -

hon to raako it capable 'of hardening
greatly when suddenly subjected to a cool-

ing bath. Test books on the subject re-

vealed how varying percentages of carbon

would affect tho degree of hardness, and
they further devoted space to tho relativo
values of water, oil, &c, as mediums by
which tho refrigeration could bo best
achieved.

To put it mildly, tho practice of steel
making, so far as it concerned the physi-

cal niceties of tho metal, became in prac-

tice pretty much of a rule of thumb pro-

cedure, and tho ultimato product was tho
consequence of a hit and mis3 perform-
ance on tho part of. tho furnaceman. In
short, tho personal equation cut a con- -

spicuous figure in tho character of each
meK.

The Bessemer Process.
Along about 185G Henry Bessemer in-

vented his converter, by which he showed
it to bo possible to produco within an as-

tonishingly short period a superior sort of
soft steel. Tho Bessemer process revolu-

tionized tho industry and opened tho way
for tho general substitution of steel for
iron in many kinds ot stntctural wdrk.
But in tho course of years, particularly
hero in America, tho Bessemer process lost
its preeminence because it depended fun-

damentally upon fairly pure iron ores,

i c, those low in phosphorus. Theso wo"

conld not get from nntivo deposits. Tho
outlook for tho steel mills in America was
not a hopeful one, but' once more re-

sourcefulness came to the rescue. Sir Wil-

liam Sicmens's open hearth furnace, con-

ceived in 1SC1, and subsequently ami suc-

cessively improved, saved the day. i
Tho open hearth furnace permitted the

utilization of low grade ores;
and because of its more leisurely opera-

tion eriabled tho nttendant to control the
melt and to effect a raeasuro of purifica-
tion not feasiblo where tho Bessemer con-

verter was depended upon. Prof. Brad-
ley Stoughton of Columbia University
tolls us : "During tho year 1906 the Bes-

semer process in the United States yielded

"vary much to tho basic open hearth, and
it would rcem a3 If tliero was no chance of
lta ever taking up so important a position
tigain unless now iron ores low in phos-'Jihor-

aro discovered." ,

Phosporus makes steel brittle,' and
1 1 ihia is especially noticeablo in cold weather

when tho metal is subjected to shock. An
nlarming number of rail breakages upon
our steam Toads about twclvo years ago
pavo the Bessemer process a pretty black
eye.

So much for the general background in
4he realm of steel whero the vast tonnage

3as devoted to xaila,and struotuxaLpux- -
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poses. The majority of these producers
made no claims to niceties of composition,
and tho purchasers were content if the
metal upon analysis came within liberal
approximations of broadly stated speci-

fications.
Even so, thera wcro tcchnicists, metal- -

lurgists who had blazed tho way for steols
of superior qualities they wero tho lab
oratory workers who wcro laying a firm
foundation for a day of amazing relat-
ions and the manufacture of steels cap-

able of doing things undreamed of by the
great army of steel makers. These- - changes
wero wrought gradually beginning about
fifty years ago by adding to the carbon
and iron of steel varying percentages
of alloying elements. Tbeso facts must
be borne in mind if wo aro to appreciate
just what Prof. Arnold, with his associate,

Prof. Fred Ibbotson, has dono recently.

Henry D. Hibbard of tho United States
Bureau of Mines nas dealt in an interest-

ing way with the manufacture and the
uses of alloy steels employing the latter
term to set theso products apart from tho
bulk of the output of the steel furnaces
As ho tells lis: "Probably tho first useful
alloy steel was Robert Mushet's

tungsten tool steel, patented in 18C8.

Fifteen years later chromium steel was
struggling for recognition for somo pur-
poses, tho chief of which was for tho man-

ufacture of solid shot for piercing armor.
"In both of these steels tho effect of tho

alloying element as used was in a way
proportional to the amount contained. In
18S2 Hadfield made his epoch making dis-- "

coveryof manganese steel and demonstrated
that in iron metallurgy it is not safo to
lake for granted anything as to the prop-
erties of an alloy of iron with other ele-

ments, basing one's opinion on past ex-

perience and knowledge, and that tho ef-

fect of an alloying element may not bo

proportional to its content. Tho devel-

opment of useful nickel steels followed

in a few years, and tho field thus opened
has since been worked by many zealous

and able men, with results of great im-

portance and value."

Perseverance Won.
Prof. Stoughton has gone somewhat

more into detail than Mr. Hibbard in ex-

plaining the true inwardness of Robert
A. Hadflold's untiring ingenuity, which
resulted in a material whoso properties
were not only the opposite of what might
liavo been reasonably expected but whoso
combination of great hardness and great
ductility was unknown previously and
might rationally have been believed to bo
impos3iblo of realization.

"Constant study and perseverance," ho
says, "must have been the qualities that led
to this revolutionary invention, and it has
establish beyond question the' principle
that becauso a given amount of any ele-

ment produces n given effect upon steels,
it docs not follow that a different amount
will give the same effect in a differ
ent degree. Indeed a different amoqst
way jpLvo an entire-diffpd,-
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hap3 an exactly contrary, effect as is
tho caso of the effect of manganese upon
steel."

Continuing, this eminent authority ex-

plains: "When tho manganese in steel is
over 1 per cent, tho metal becomes hard
and somewhat brittle, and theso qualities
increase, in "intensity with every increase
of manganese until when wo have 4 to
5.5 per cent, the steel can bo powdered
uuder tho hannner. But as the manganese
is increased from this point theso proper-
ties do not increase, and when we reach
7 per cent, an entirely new seiof prop-
erties begin to appear. These aro well
marked at 10 per cent, of manganese, and
reach a maximum atl2 to 15 per cent."

In latter years, thanks to tho steadily
widening activities of the chemist and the
resources of tho laboratory, steel making
has become a science in a large measure
where before it was, in its highest expres--
sion, nothing moro than an art. ' Becauso
-- All '! l! A? !...ui. ineso investigations sieeis aro Dnnging
about profound changes in various indus-

trial fields; and tho metallurgist is pa-

tiently trying out a wide variety of ele-

ments in his search lor special steels.
Some of theso products have had an

ophomeral career of service while others
Jiavo obtained a seemingly permanent
commercial hold. Even so. tho man in the
laboratory is not content, for ho is bent
upon improving these and possibly call-

ing still others into being. Ho is doing
this because science, largely aided by tho
microscope and the deep etching of cer--
tain corrosive chemicals, has disclosed the
intimato get up of steel and established
the fact that the physical arrangement of
the metal's constituents varies accordingly
as the steel in subjected to different heat
treatments.

To make alloy steels, Euch elements as
manganese, silicon, tungsten, nickel, chro- -
rafriByiinflJinp njfoi'winjiimn vn--
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nium, &c, are resorted to, and a well nigh
bewildering employment of 'one or moro
of theso in clivers percentages will pro-
duco physical alterations, distinctive char-

acteristics of a more or lea3 marked dis-

similarity. What is particularly signifi-

cant is the fact that an unsatisfactory
alloying clement of y may bo tho
promoting cause of a momentous develop-

ment and all on account of a
difference in tho quantity used or the man-

ner in whiclr the alloy controls the re-

adjustment of tho body substanco of tho
steel while tho metal is undergoing one
or two heat treatments.

Alloys are added to steel for two pur-

poses: first, as a curative agent during the
easting-'o- f tho molten metal into ingots
i. e., to prevent the formation of blow-

holes and to control tho vrtical extent of
the "pipe" or central cavity, both of which
constitute defects; and, next, to impart
to the steel certain lasting properties that

. a..can perhaps bo ennanceu by carefully
regulated heat treatments.

Tungsten a Key Metal.
. Tungsten is valuablo becauso of its ef-

fect on the finished and treated steel, and
simplo tungsten steel has figured for thirty
or forty years in the manufacture of per- -
mancnt magnets, dynamos, &e. However,
it has been found useful in tho manufac-
ture of tool steel, and despito somo con
clusions to tho contrary it has served to

.render the bores of cannon less subject to
tho attack of tho erosivo superheated
gases of tho burning powder.

Tungsten has been callod ono of our
vitally necessary "key" metals, and one
authority ho3 said: "To deprive a nation
of tungsten is to cripplo its military
power in timo of war, nnd its industrial
power in timo of peace." Further, from
tho same source, we aro informed : "With- -
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not be produced nor operated in sufficient
quantity to make tho 'seventy-fiv- e' and its
thousands of shells, the rifle and the nia-chi-

gun and its millions of cartridges,
nor could automobiles, farm machinery,

Hliips or engines bo replenished after tho
sword has been happily sheathed."

Tho Germans realized this prior to tho

war, and with characteristic foresight they
set nbout acquiring a substantial monop-

oly of tho world's tung3tcn production.
But tho blockado of the Central Powers
during tho course of tho recent titanic
struggle shut tho Teutons out from fur-
ther supplies, and they accordingly oast

about them for native or nearby re-

sources, of an alloying clement which
would servo the same purpose.

This they found in uranium, ami proof
pf its potential value was established
prior to tho conllict by a German firm en
gaged in marketing fcrro-uraniu- for use
in tho manufacture of steel. Here in the
United States uranium steel has wori rec
ognition since 1914, and it seems that n
small percentage of uranium will answer
for a very much larger percentage of
tungsten. High speed steel alloyed with
uranium has shown excellent cutting qual-

ities.
Chromium in steel increases tho hard- -

tinca nf 41m tnotnl nml fni llmf rpnsrtn. It.

answers admirably for stamp shoes and
dies in the machinery required for pulver- -

izing certain gold and silver ores prepar- -
ntory to their refining. Again, this alloy
enters into tho stool plates used for tho
walls and doors oi our largo burglar-pro- of

safes or vaults. Further, chromium
steels aro worked into balls and rollers
for bearings, which, because of their hard-

ness, nro ablo to support very heavy loads
nnd to enduro without serious wear for n
long time. It was chromo which tho fa
mous ivrupp works introduced somo
yoaxwlta-thA- i o.$hinuaa4U?n;
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jilale, and similarly this alloy gnve pro-

jectiles a greater power to attack and to
penetrate defensive walls of steel.

Simple nickel steel possesses additional
strength and ductility by reason of that
alloy, and owing to this fact' is adaptable
to structural purposes, such as bridges,
gun forgings, machine parts, automobiles
and many other uses too severo for ordi-

nary steels. Nickel steel saves ' some
weight, a matter of importance in bridges,
for instance, having great spaus. Ac-

cordingly, this metal was worked into the
Qucensboro and Manhattan bridges and
in other largo viaducts. Simple nickel
steels contain from 2 to 4 per cent, of
that mctnl.

Prof. J. 0. Arnold, who now claims to
have evolved n supersteel with A. A. Read,
discovered about five years ago that a 13

per cent, nickel-iro- n alloy and 0.55 per
cent, carbon possessed tho highest strength
of any of the nickel steels. Before Ar-

nold nnd Read hit upon that exact
of nickel it was commonly be-

lieved that 15 per cent, of nickel would
give tho greatest strength for such on
alloy. This is merely illustrative of how
knowledgo widens in the course of time.
It is also suggestive that the 13 per cent,
nickel-iro- n alloy was so hard as to be

However, 22 per cent, nickel "stocl is
desirablo when resistance to rusting or
corrosion is the aim. Accordingly, the
valve stems of tho salt water lire protec-

tion service of .New York city ore made

of this latter composition; and this same
alloy is employed for the spark plug poles
of internal combustion engines nnd au-

tomobiles.

Nickel Chromium Important.
Nickel steel containing 30 per cent, of

nickel does admirably well when used in
boiler tubes for seagoing ships. By in-

creasing tho nickel to 30 per cent, a metal
called invar is produced which, because
of its slight expansion and contraction
under atmospheric' changes, is especially
suited for clock pendulums, the springs
of chronometer balances and rods for
measuring instruments. .Further, by run-

ning up tho nickel content to 4G per cent.,
with a suitable measure of carbon, there
results a composition known as platinitc,
wliioh. owinp fn its low coefficient of ex
pansion, has bden substituted for platinum
in lending wires in tho glass bases of
electric incandescent lamp bulbs.

Nickel chromium steels, commonly
spoken of as chrome nickel steels, are said
to be among the most important structural
alloy steels and their field of usefulness i3

continually widening. This metal can be
made somewhat more cheaply than simplo
nickel steel of the same strength Rnd

ductility containing a smaller total of the
alloying elements, and chromium is less
costly than nickel.
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nun steel can be radically altered for the
bettor by suitable heat treatments. This
bears upon a point which tho expert ot
tho Bureau of Mines, Mr. Hihhard, has
emphasized in this manner: "Tho effects
of heat treatment aro so great that a
cortain steel may bo given a very wide
range of properties, depending on tho
treatment, and any desired set of proper-
ties within .that range may bo obtained
solely by varying tho heat treatment. The
principal variant is tho degree of tha
second heating. The lower this is, tho
stronger nnd stiffor tho steel; nnd tho
higher, tho weaker and moro ductile it is.

The niokel chromium steels find many
fields of servico open to them. They
flguro extensively in tho getup of auto-

mobiles, in the making of armor plate, in
the production of armor piercing projec-
tiles and in the manufacture of roils. As
Mr. Hibbard remarks and his point
brings out how steels can bo mado to meet
special requirements: "It is curious that
nickel is considered to improvo the quality
of shot, although generally held to injuro
tho quality of high speed tool steels.

"In uso there seems to bo a parallel
between the requirements of tho two, ex-

cept for the important and vital difference
as to tho required speed at which theV

respectively mCet the metal to bo pene-

trated. Tho speed of impact of the shot
enables it to enter when no amount of
pressure will effect tho same result." It
is pressure upon which the tool counts to
cut the opposing metal.

Broke Before Red Hot.
As might bo imagined readily, prcssuro

on n tool produces heat, and in tho run of
tool steels twenty years ago tho cutting
edge broko after the temperature rose high
enough to make that part of the tool brit-

tle. This failure Recurred long beforo

tho metal reached a stato of red hotness.

And then F. W. Taylor and Maunsel

White, at tho works of tho Bethlehem
Steel Company, in 1809, developed a
high speed tool steel which, at a red heat,
would go on cutting at an astonishingly

rapid rate.
They used for their steel alloying chro-miu- m

and tungsten, and subjected the
products to a uniquo heat treatment of
their devising. The Taylor-Whit- e tools
could cut so fast nnd deep that they de-

livered chips at a blue heat and in nmaz-in- g

quantities; and nt the Bethlehem

shop, to the confusion of the sceptical, a
young man lighted n cigarette with ono

of these chips.
Since then further progress has been

mado in the evolution of high speed tool

steels, and these are capable of cutting
continuously nt speeds from three to five

times as great as that practicable with
other toota. It is said that the tendency

of the makers is toward somewhat uni-

form composition as regards the content

of tho alloying elements whose benefits

have become fairly well known, and whoso

use as a consequence may be considered
established. Specifically, theso alloying
elements are tungsten and chromium, with
the addition of vanadium and cobalt ac-

cording to the views of tho various pro-

ducers. Vanadium, like chromium, is said
to increase red hardness of the cutting
edge.

Under date of 1913 Frank L. Heai, in

a pamphlet issued by the United States
Geological Survey, makes this statement:
"Cobalt has been tried many times as a
steel alloy without making n notoblo im-

provement in the resulting steel." And
then he quotes a French experimenter who

says: "Cobalt steels show no properties
that are of industrial interest." Even so,
two years later, owing to the laboratory
work of the metallurgist, the United States
Bureau of Mines informs the world that
"cobalt now threatens to change tool steel

manufacture becauso of' the properties it
imparts.

"This result was iiardly to Have been
expected in view ot tlio experience witn
nickel, which cobalt much resembles, a3
nickel has been condemned by nearly
every manufacturer as not being a desir-

able ingredient of high speed tool steels

because of the effect it has of making tho

edge soft or 'lendy.' "
And now we come to Prof. Arnold's

supersteel, which, so cable dispatches tell
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